A Three-way Street:
MISR & MODIS Provide Context, SEAC’RS

Provides Detail, & Models Complete the Picture

Ralph Kalm NASA Goddard Space Flight Center
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Aerosol Optical Depth (558nm)
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Five Aerosol Air Masses:
® Three Smoke Plumes
¢ Continental Bkgnd.
¢ Continental-Smoke Mix
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Aerosol Optical Deth (558nm)

32°N}

30°N

28°N

. Continental
1. ~Smoke Mix

106°W 104°W 102°W 100°W 98"

00 02 04 06 08 10

.

____Single Scattering Albedo

.................................................

LNy
—

. -_.-_l‘-_____,;_.'.‘:’.\':”\..‘;]
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MISR Overview

Research Retrievals 19 August 2013
Aerosol Optical Depth (558nm) - Absorption AOD
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MISR Overview

Research Retrievals 19 August 2013
Aerosol Optical Depth (558nm) AOCD Non Spherical
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MISR Overview

Research Retrievals 19 August 2013

Aerosol Optical Depth (558nm) Fraction of total mixtures
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19 August 2013

MISR Aerosol Type (Research Algorithm)

70° Forward View

Smoke Plume 1
AOD 0.36-0.69

ANG 1.4-1.8 (small)
SSA 0.94-0.99 (somewhat abs.)
FrNon-Sph 0.05-0.2 (mostly sph.)

Continental Background
AOD 0.13-0.24
ANG 0.94-1.7 (medium)
SSA 0.98-1.0 (non-absorbing)
FrNon-Sph 0.05-0.19 (mostly sph.)

Smoke Plume 2
AOD 0.36-0.59

ANG 1.4-1.8 (small)
SSA 0.96-1.0 (less absorbing)
FrNon-Sph 0.02-0.2 (more sph.)

Passive-remote-sensing Aerosol Type is a Total-Column-Effective, Categorical variable!!




Remote-sensing Analysis
¢ Retrieval Validation

e Assumption Refinement

Suborbital
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R rajgy

frequent, global
snapshots;
aerosol amount &
aerosol type maps,
plume & layer heights

Regional Context

targeted chemical &
microphysical detail

N\ CURRENT STATE
\ e Initial Conditions
\ e Assimilation

Aerosol-type
Predictions

Model Validation

e Parameterizations

point-location
time series

 Climate Sensitivity
e Underlying mechanisms

space-time interpolation,
DARF &
Anthropogenic

Component
calculation and prediction

Kahn, Survy. Geophys. 2012



Three Stories:

- Aerosol Air-Mass-Type Validation
- Upwind Smoke Source & Injection Height
- Regional Aerosol Characterization



Story 1: Aerosol Air-Mass-Type Validation

E ”r—~m~
J,JJL/JIJJ
+13:00

ER“2:Rosette °

DC-8: 5-Wall

Down J,/U'JCJ
‘ZZ JJ

ER-2: Bow Tie
DC-8: 3-Wall

4

Jeo aska

Ng

\

W\

\)\’s

\_\.‘ Kansas

In situ

7N\

Satellite «=> Model

Comparing the retrieved
and modeled AOD, size,
shape, and SSA with in situ
measurements
(a) qualitatively and
(b) quantitatively
for five regions
[3 Smoke Plumes;
Continental Background;
Continental-Smoke Mix]




Dy (um)

701 el e 80 -
° MOStly BB particles, 68288 - 69188 UTC i ‘?A 75788 - 77288 UTC
some non-BB particles - 580 PALMS particle types
mixed into plume e S i
«Very little mineral dust N Mineral Bust _
lofted with smoke -3 "
5- S - S
4 LARGE ILASvqume 0.1 on n:) - 12
3-\ 20130819 | Mostly Organic ' i g
_ Biqu#n) | 35 1o
- ‘ 28
— : | o
175 Il H | ‘ H | ‘ ‘H\‘\ \‘ | /‘H H‘ “S“It‘e‘ 3 ‘ | 1“3‘3 — 8
4 0 O I TN ST Ml @ ai
54 \ ‘H [ 1] NHH ‘H‘\‘H | H (. HH \ | . I | Hl‘ Hllw I H HHH W H \ . ’M I M MHH HH\ |
N w ‘H ‘ | ‘\“\HM\H ‘\ “ “ ‘V‘ WH‘H \‘ | HlH “\ \H | HH L ‘ | | W\l M “‘ “ ‘ m WWM”I“W ‘ m” it ‘ll “ Al H” [ ‘l ‘ H 6
7 i}/\ W“ \‘ ‘\H ‘lH ‘M‘\H‘ ‘lll & ’ | ‘”‘ \\Hlle ||\H|‘| }l‘ \‘ Wl / ‘ W\HW | V AV ‘ 4
21 ‘\ | H HH\H ". W [l | HHI \I ‘\‘HH‘ H\“ } i ‘ | | H.
: i WA R
0.1_- ‘\ ‘ “l) ’l :‘ ‘\H" “M’ w ‘ ” | ‘\ | | “ I‘\:H\‘ H\l ’ | .] ‘ e | uwm.%mu’h h” — 2
;E T | T T | LI | LI | 1T | | o | 66188 - 66488 UTC I - 25_ 78488 - 78788 UTC I - 0
54000 56000 58000 60000 62000 640lo;>’£ 25 D(o?’E‘ 20- L0
o 20- L e
- Some compositional £ - 519 i
differences: 2 0. G0 -
Older plumes have lower 3 s- L3 5 ]
nitrate, higher organic 0 JEEES el Ty ) op B Reoo--n
content 0.1 o0 () 01 Dp (urm)

(W) 1vd

PALMS: Froyd & Liao



25x10°

| August 19 Flight - North Wall

& 2] : 7
S 15- A “ o83 R 0.90
S 1o (moke -4 =201 | SSA O 9% |
g ANG~2.5 - . e ey 0.95
@ 5- 2.46 AP e - :
2 BL - 0.96 1.18] Non-hygroscopic
0_ I . T ’ T 4 1 J I . I . T ? [ T T I T 1 I T I I I 1
0.0 1.0 20 3.0 1.0 20 3.0 0.90 0.92 0.94 0.96 0.98 1.00 10 12 14 16 18 20
Scattering Absorption Single Scattering Albedo Hygroscopicity f(RH)
Angstrom Exponent Angstrom Exponent (dry, 532nm) (scattering at 550nm, RH=80%)
< 1000 - 30x10° : .
o ] [] [ ] -
é ey Site 2 Site 3 - Altltudg dgpendgnce of optical
) | ity 05 properties is relatively unchanged
c 20 o
S 600 @
B . = between the plumes
c (0]
S 400 10 2 . .
n 1 = * Smoke plume is non-hygroscopic
w2004 S
g ol ' w 0 — * SSA and abs-AE indicate organic
< | | | LD I I | | 3 . . o
o 64 66 68 70 72 74 76 \10° coatings are S|gn|ﬁcant
UTC (seconds)
25x10° ] | August 19 Flight - South Wall |
g Sl
g 28 Tt it _\___._.._“ - .y ._.-__.097 . 089
= 2n W 245 g S ~0.56 g m 097
@© . ' .
o 10- smoke 2.05 Non-hygroscopic
3
- ANG 2.5 <§ el
Ga) 244 & 1.07 0.96 -l m e 1.32
0— I Y 2 I Y I b I , [ I I I I 1 [ I I I I 1
0.0 : .0 1.0 20 3.0 0.90 0.92 0.94 0.96 0.98 1.00 10 12 14 16 18 20
Scatterlng Absorption Single Scattering Albedo Hygroscopicity f(RH)
Angstrom Exponent Angstrom Exponent (dry, 532nm) (scattering at 550nm, RH=80%)

LARGE: Ziemba and Crumeyrolle



20130819, DC-8 2 km Alt.
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4-STAR Team, Shinozuka et al.
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MISR Smoke Plume 1
AOD 0.36-0.69
ANG 1.4-1.8 (small)
SSA 0.94-0.99 (somewhat abs.)
FrNon-Sph 0.05-0.2 (mostly sph.)
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Site 2 Upwind Smoke: SSFR Multiple Layer SSA
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CPL Backscatter & Deploarization Ratio
19 August 2013 Site 2 Roserie

ER2-CPL SEAC4RS 19Aug13
Attenuated Backscatter Coefficient and Depalarnzation
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SAM-CAAM

[Systematic Aircraft Measurements to Characterize Aerosol Air Masses|

T e e = S R g
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[This is currently a concept-development effort, not yet a project]

Primary Objectives:

 Interpret and enhance 15+ years of satellite aerosol retrieval products

e Characterize statistically particle properties for major aerosol types globally,
to provide detail unobtainable from space, but needed to improve:

-- Satellite aerosol retrieval algorithms

-- The translation between satellite-retrieved aerosol optical properties and
species-specific aerosol mass and size tracked in aerosol transport & climate models



Story 2: Upwind Smoke Source & Injection Height

MYD021KM.A2013231.1920.005.NRT.hdf
Aqua MODIS Truecolor Scene

In situ  Satellite

N/

Model

Using the 3-D AOD
distribution from satellite
and in situ measurements

to constrain the model,
which in turn identifies
probable source locations
and injection heights
(also aerosol type)




Site 2 Upwind Smoke: DC-8 DIAL Curtain
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MISR Plume Height (Level of Max Contrast) Near Site 2
19 August 2013
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Model-Measurement Aerosol Source Characterization

Smoke Plume 1
AOD 0.36-0.69

ANG 1.8-1.8 (small)
SSA 0.94-0.99 (somewhat abs.)
FrNon-Sph 0.05-0.2 (mostly sph.)
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U. lowa Modeling — Curtain Along Back Trajectory
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Model-Measurement Aerosol Source Characterization

SEAC4RS 20130819
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Story 3: Regional Aerosol Characterization
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Using the in situ
measurements to add
microphysical detail to the
satellite aerosol type
mapping, and then use the
satellite 2-D AOD and type
distributions, plus available
3-D data, to constrain larger-
scale model aerosol amount
and type mapping



GEOS-5 MODEL Aerosol Optical Depth

19 August 2013 18 UTC
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GEOS-5 MODEL Aerosol Type

19 August 2013 18 UTC
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Remote-sensing Analysis
¢ Retrieval Validation

e Assumption Refinement

Suborbital
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frequent, global
snapshots;
aerosol amount &
aerosol type maps,
plume & layer heights

Regional Context

targeted chemical &
microphysical detail

N\ CURRENT STATE
\ e Initial Conditions
\ e Assimilation

Aerosol-type
Predictions

Model Validation

e Parameterizations

point-location
time series

 Climate Sensitivity
e Underlying mechanisms

space-time interpolation,
DARF &
Anthropogenic

Component
calculation and prediction

Kahn, Survy. Geophys. 2012



